Abstract: Previous studies in the eld of robot assisted therapy demonstrated that robots engage autistic children's attention in a better way. Therefore, the interactive robots appear to be a promising approach for improving the social interaction and communication skills of autistic children. However, most of the existing interactive robots use a very small number of communication variables which narrow their e ectiveness to a few aspects of autistic childrens' social communication behaviour. In the present work, we explore the e ects of touching and colours on the communication e ectiveness between a robot and an autistic child and their potential for further adjustability of the robot to child's behaviour. Firstly, we investigated touching patterns of autistic and non-autistic children in three di erent situations and validated their responses by comparison of touching forces. Results showed that patterns of touching by non-autistic children have certain consistency, while reaction patterns in autistic children vary from person to person. Secondly, we studied the e ect of colour feedback in autism therapy with the robot. Results showed that participants achieved better completion rate when colour feedback was provided. The results could support the design of more e ective therapeutic robots for children with autism.
Introduction
The importance of communication for the development of proper behaviour in autistic children has been discussed in many studies. Children with autism who are able to communicate in a better way with others have better perspectives to integrate into society. It has been also found that such children reduce their abnormal behaviour when their communication ability is improved [1] . Autistic children's behaviour a ects the social climate within their families. Several studies have revealed that some children with autism tend to have aggressive behaviour toward their families. For example, Koegel et al, found that siblings with autism often demonstrate aggressive behaviours toward younger siblings [2] . Carr and Durand stress the importance of proper communication with children with autism, before they become aggressive [3] . Moes showed that the aggressive behaviour of children with autism often causes huge amount of stress to their parents who fear that other siblings within the family could be injured by their aggressive autistic children [4] . The above studies evidence clearly the necessity of a systematic approach for development of communication abilities of children with autism.
Numerous studies demonstrated that autistic children's attention is engaged a much better way when they communicate with a robot than with a human [5, 6] . A possible reason for such behaviour could be the tendency of autistic children to prefer simple and predictable objects, such as robot, rather than complicated ones, such as humans. Robins et al. con rmed that children with autism approached very easily to a mime artist wearing plain and featureless clothing, whereas they avoided the same person when wearing ordinary human clothing [7] . These research ndings have suggested that robots may have strong positive therapeutic e ects and indicated that the interaction with a robot can be used to help autistic children to develop better human-to-human communication.
Most of the existing approaches for communication improvement are based on encouraging the child to imitate di erent facial expressions or behaviours of a human communicator. Such approaches often have low effectiveness because autistic children are inclined to avoid human's face and thus, they do not show engagement in such exercises [7] [8] [9] [10] . The therapy sessions, when organised as an interaction between a robot and the child, tend to be e ective because children usually demonstrate more interest in robots. Imitation of robot behaviour is a widely-used approach for development of communication skills. Experimental results from several studies have conrmed that autistic children are likely to imitate robots' behaviour, in particular, to imitate robots that move their limbs or change their facial expression. Boccanfuso and O'Kane used a simple interactive robot called CHARLIE to show that autistic children tend to imitate a robot's pose [11, 12] . Furthermore, Duquette et al. found that autistic children imitated more the facial expressions of their robot, named Tito, than the same facial expressions performed by a human [13] . Pioggia et al. used an android with highly realistic biological motion and appearance (FACE) in therapeutic sessions for helping autistic children to improve their emotion expression through imitation of robot's behaviour [14, 15] . Feil-Seifer and Mataric developed a modular interactive robot able to express di erent social behaviours in di erent situations by changing its facial expressions and gestures [16] . Robins et al. used a child-sized humanoid robot, Kaspar, with changeable facial expression, rotating head, and expressive postures and making gestures, to study the e ect of the humanlike appearance in therapeutic tasks for communication improvement and emotion expression of autistic children [17] . In their experiments, Duquette et al. used a wheelbased robot Tito that expressed di erent emotions via changing its face illumination and performing di erent gestures [13] . The Keepon robot was designed to express simple emotions via four actions: nodding, turning, rocking and bobbing [18] . In the majorities of those studies, researchers evaluated the therapeutic e ect through direct observation or analysis of children's responses from video records of the treatment session. Such evaluation approaches contain a high level of subjectivism in recognition of child's reactions, which often leads to di culties in assessing important communication skills, such as facial expression response.
The e ectiveness of autistic treatment can be increased additionally if the interactive robot has the abilities to analyse a child's behaviour and to respond to it accordingly [19] . Figure 1 illustrates this approach. The interaction e ectiveness of the robot will increase if the modalities of the robot behaviour match the communication skills of the individual child. In our previous study, for example, we found that children responded in a better way than interactive robots that had faces and moving limbs [20] . A robot can be designed to encourage positive responses of the child during the therapy session. For example, the robot may perform a suitable encouraging gesture or may change its appearance when the child demonstrates behaviour or social skills as expected. The provision of feedback from the robot has the potential to improve child's performance and stimulate their curiosity. In other words, by providing feedback to the child, the robot plays the role of an e ective social mediator [19] . Various studies prove the importance of touch in the communication. "Touch is a crucial aspect of most human relationships" [21] . Touching as an approach for communication with infants has been studied by many researchers. Knapp found that new-borns receive great amount of information about the surrounding world through tactile information [21] . Barnett claims that the touch provides most fundamental means of contact with the external world [22] . Hewett emphasises that communication through touch helps children with disabilities to develop a sense of connectedness with other people around them [23] . Bardeen indicates that touch can be stronger than other means of communication and speci es that touch is a means for sharing of feelings and sending information about personality [24] . Various studies emphasise that affective touch plays a crucial role in the regulation of human emotions and psychological state [25] [26] [27] .
The role of touch in the development of social skills in autistic children was explored in a few research studies, where the number of touch events was used for measurement of child's engagement [28] . A study based on assessment of the touch type, location and pressure while autistic children interacted with the small humanoid robot, Kaspar was presented in [17] . In the present study, we propose a new approach of touch training where the response of the robot is based on assessing a child's performance during the present therapeutic session and considering the total time of the previous training and the level of autism in the child.
The ultimate goal of our research is to develop an e ective interactive robot for children with autism. The present study is an initial step toward the robot design. This study aims to identify e ective approaches for robot interaction that engage autistic children's attention and facilitate better interaction with them. In this paper we present the results of two experimental studies, named below as Study A and Study B. The rst experimental study (Study A) examined the parameters of the a ective touch applied by autistic children to an interactive robot in a few di erent situations. Patterns of a ective interaction were used as markers for evaluation of the child's communication level with the robot. Another purpose of Study A was to explore the di erences in the touching practices of autistic children. With the same study we also tried to verify the e ectiveness of our approach for detecting children's touching behaviours. In the same study, we also compared the touching patterns of non-autistic and autistic children. The second goal of this work was to explore the e ect of colour on the interaction of the child with the robot, as described below in section 3, Study B. Based on the results of Study A, in Study B the children with autism were engaged in experimental therapeutic sessions that combined touching and colour feedback. The results from Study B provided further information on the role of colour for the level of engagement of the autistic children.
Study A . Purpose of the Study
It is anticipated that the abnormal touching behaviour of autistic children is due to their inability to understand social cues [29] . In this study, we explored the a ective touch patterns of autistic children by comparing the way of touching between non-autistic and autistic children in di erent social situations and di erent interpersonal relations.
Many therapeutic approaches for development of correct touch behaviour in autistic children consider a human mediator who uses simple illustrations and text to teach children the proper touch they need to use in di erent situations. An example of such reference material is shown in Figure 2 . It refers to a ve point scale [30] .
Fig. 2. Teaching material for touching with social situations
A disadvantage of such approach is that the force applied by the child is not measured quantitatively and the evaluation of child's response depends entirely on the skills and experience of the human-mediator. Another drawback of the same approach is that the child may exert too high force in certain situations which may injure the teacher.
In this study, our goal was to obtain quantitative information about the way of touching. For that purpose, we developed a special interface that allowed measurement of the forces of touching applied by the children.
. Method . . Participants
Six children (males) diagnosed with low-functioning autism and six non-autistic children (3 girls and 3 boys) took part in the experiments. The average ages (M) of the autistic children was 9.83 years and the standard deviation of their ages (SD) was 2.32 years. Non-autistic participants had M = 9.83 years and SD = 1.72 years. The level of impairment of each autistic participant was evaluated by the Social Responsiveness Scale (SRS) from information provided by the parents. The SRS is a quantitative scale for measurement of the severity and the type of autistic spectrum disorders in children and adolescents [31] . A score of 75 or more indicates signi cant clinical levels of autistic traits. The levels of impairment of the children who participate in the tests are shown in Figure 3 . 
. . Procedure
For the experiments we designed a special HMI called Touch Ball. In order to decide the shape of the interface device, we interviewed a few school teachers working with autistic children who suggested that autistic children like the shape of sphere. Also, from our previous study where we used a robot whose head was shaped as a transparent sphere, we also found that spherical shape attracts children's attentions [20] . Based on these facts, we designed the test interface shown in Fig. 4 . It consists of a transparent half sphere (position 1 on Figure 4a ) with a diameter of 12 cm connected to a base plate (position 2 on Figure 4b ) via a a three-component force sensor (position 3 on Figure  4b ). The Touch Ball was connected to a PC computer as shown in Figure 5 . On that gure, fx(t), fy(t), and fz(t) are the signals from the three-component force sensor.
During the experiments, three di erent gures representing a baby, a friend, and a mother were projected on the computer screen. We used gures from DropTalk 1 (Dynamic and Resizable Open Picture Symbols) which is vocabulary software for autistic children. Children were asked to perform physical interaction with the gure that appeared on the screen by touching the Touch Ball with adequate force. The images that we used are shown in Figure 6 . The participants took part in a total of nine virtual scenarios of social interactions. They were required to perform three di erent interpersonal interactions with each gure. The "social interactions" included giving a person high-ve, waking a person up, and soothing a person. Each gure appeared on the laptop display together with a simple sentence that clari ed expected interaction, as shown in Figure 7 . The sequence of the gures that appeared on the screen during the experiment and the instructions to the child about the interactions expected from him/her are summarised in Table 1 . Each participant was asked to complete 3 sets of experiments. All sets contained all interactions listed in Table 1 . Before starting the experiments, each participant took part in a pre-test session that included practicing of more than ten interaction situations. The pre-tests were done for avoiding eventual adaptation of the participants to the tests and evading ordering errors on the results. After the completion of the current interaction in the set, participants were given ve seconds break before they started the next interaction task. Two minutes break was given to participants before they started the next set.
. Data Analysis
To evaluate individual performances of the children and to compare the responses of both groups, we analysed two features: the touching force and the manners of touching of the Touch Ball.
. . Time average of the contact force
To compare the time average of the contact force used by the autistic and non-autistic children, we calculated the time average of contact force magnitude F, as expressed in Equation 1 .
Here, T S is the time when the child starts to touch the Touch Ball and T F is the nishing time of the touch event.
The duration of the touching action is D T = T F − T S and fx(t), fy(t), and fz(t) are the force components measured by the three-component force sensor (see Figure 5) .
. . Assessment of the manner of touching
To evaluate the manner of touching, we analysed the tangential component of the contact force during touching. We calculated the ratio H between the horizontal projection and the contact force magnitude applied to the Touch Ball, as in Equation 2.
H = (

TF TS fx(t) + fy(t) fx(t) + fy(t) + fz(t) dT)/D T (2)
The time interval when the child touches the sphere is D T = T F − T S , where T S is the time when the child starts touching and T F is the time when the touching nishes.
. . Normalisation of F and H
In order to remove the individual bias, the data were normalised by using Equation 3. HereF is the mean of F, and σ F is standard deviation.
The ratio H is also normalised in terms of all six autistic children and six non-autistic children, as in Equation 4 . Here,H is the mean of H, and σ H is the standard deviation.
.
Results
The changes of the z values of the forces used by the groups of the autistic and non-autistic children in the di erent situations are illustrated in Figures 8, 9 , 10 and 11.
The result in Figure 8 shows that the force used by non-autistic children to give a high ve is stronger than the force that they use for soothing or wake-up. As shown in Figure 9 , the time average of the contact forces for autistic children indicates slightly di erent patterns comparing with the forces used by the non-autistic children. The results of the estimated horizontal projection in the experiment with non-autistic children and autistic children are shown in Figures 10 and 11 .
The result in gure 10 shows that the force ratio H for the non-autistic children for the situation of soothing a person is stronger than H for giving high-ve or waking a person up. As a di erence, we did not discover any patterns in the H ratios of the autistic children ( Figure 11 ). The experimental results are presented in Tables 2 and 3 . For the non-autistic children, the results on the time average of the contact force show that the responses of the autistic children in the interpersonal relationship or social situations di er from the results of the non-autistic children. The results show that the manner of touching of the non-autistic children is quite consistent in all interpersonal relationships and all three social situations. Di erently from that, the results of the autistic children show some irregularities, except the result for the horizontal projection in di erent social situations. .
Purpose of the Study
The results from Study A showed that the autistic children and the non-autistic children demonstrated di erent touching response in the interpersonal relationships tests.
Further to that, we also explored the e ect of colour-based feedback on the communication e ectiveness of autistic children and investigated the colour feedback e ectiveness when di erent colours are used. We also compared the force response of autistic and non-autistic children to colour stimuli. The results of that study are introduced below. Many previous studies reported on the e ect of colour on communication with persons with autism. For example, Moore noticed that children with autism seem obsessed by colours when they describe their parents [32] . Brian et al. observed that the usage of colours increased communication results of children with autism during experiments [33] .
. Methods . . Participants
Four children diagnosed with low-functioning autism without other complications took part in the experiments. Participants were aged from 9 to 12 years (M = 10.75, SD = 2.06, males).
. . Materials
For the experiments we used the Touch Ball introduced in section 2.2. For the new experiments, we used a small projector to illuminate the surface of the half-sphere of the Touch Ball and to change its colours to red, yellow, blue, and green. In addition to the Touch Ball, we included in the test scenario a small humanoid robot, called Palro 2 which was developed by Fujisoft Inc. The same robot is shown in Figure 12 . The role of the robot was to attract the child's attention toward the experiment by speaking to the child or changing randomly the direction of its head. 
. . Procedure
Before the start of the experiment, we established the order of preference of each child to each colour. Preliminary tests aimed to identify the colour that causes negative perception to the individual participant and to exclude the same colour from the following experiments with the same participant. For that purpose, children were shown all four colours and were asked to choose a favourite colour and a colour that they hate. Then, during the next experiments the favourite colour was used as the goal and the most disliked colour was excluded from the experiments. For example, if a child chose blue for a favourite colour and red for a hated colour, the blue colour was set as a dominant colour and yellow and green were used as signs, while the red colour was excludes from all trials in which the child was involved. This way, we de ned the individual sets of three colours for each child.
The experiments included three di erent scenarios, as illustrated with Figure 13 . In the rst scenario (Figure 13a ), the colours were introduced to the child by changing the colour of the Touch Ball. In the second scenario, the colour information was presented on a laptop display as a circle with 12 cm diameter, which was the same as the diameter of the Touch Ball (Figure 13b ). In the third scenario, colours were not presented visually but instead, the participant received speech feedback about the colour by a moderator (Figure  13c ).
In the rst set of trials (Figure 13a ), the computer algorithm was set to change the colour of the Touch Ball depending on the magnitude of the force applied to its surface. Children were asked to apply force to the half-sphere until it becomes illuminated in their favourite colour. In the second experiment (Figure 13b ) children needed to change the colour of the circle on the laptop screen by pushing the half-sphere. In the third experiment (Figure  13c ), the force Fc applied by the child to the Touch Ball was measured and shown on the computer screen of the moderator who provided verbal information about the colour. The forces, applied to the half-sphere during the experiment and the colour responses of the system were recorded. All participants were included in all three scenarios. Each child repeated twice each scenario. This way, each child performed six trials. Thirty seconds breaks were given between the start of the next trial. Before the trials, the children were asked to perform randomly some scenarios. That allowed them to understand the tests and the responses expected from them. During the preparatory stage, the moderator explained to the children how to use the Touch Ball and ensured that they feel comfortable during the tests. The sequence of the tests is shown in Table  4 .
In all three trials children needed to set their favourite colour by touching the Touch Ball and increasing the applied force until the favourite colour appeared. Depending on the value of the force Fc, the colours changed in the following order: The favourite colour of the child appeared when a moderate force was applied to the sphere. The less preferred colour (the second colour in the individual list of colour preferences) appeared when low force was applied. The least preferred colour (the third in the list) appeared when maximum force was applied. The sphere remained dark when no force was applied.
The force Fc, applied to the half-sphere was calculated in the following way (Equation 5):
where Fc is the magnitude of the contact force and fx(t), fy(t), and fz(t) are the force components in the axial directions. Table 5 shows an example of the relationships between the force Fc and the selected colour for a child whose colour set has blue as the least preferred colour and red as the favourite colour. During the pre-trials, some children found it a bit di cult to select moderate force. .
Results
During the trials, the target keeping time of each scenario was recorded. Table 6 presents the target keeping rate for each scenario. The results can be presented with the graph in Figure  14 . As shown in the same graph, two of the participants with autism, M (age 9) and K (age 12)achieved highest rate for the completion of the rst scenario. Their target keeping ratio for the second scenario was lower than the result from the rst scenario. Other two autistic children (Y (age 9) and H (age 11)) achieved slightly higher results on the second scenario comparing to their results from rst scenario. All participants showed the lowest results in the third scenario. We monitored participants' behaviour during the completion of the tests. Some speci cs of participants' behaviour during each trial are presented in Table 7 .
Discussion
As indicated in the literature review, the touching behaviour is an essential communicative function of the autistic children and they need to be trained to develop abilities to select proper force for each interaction situation. For more accurate evaluation of the touching manners, we used a special HMI system (TouchBall) as an interactive training tool. In Study A, the analysis of participant responses in several test situations showed that the autistic children and the non-autistic children used different amount of force to respond to the same interaction scenario. The analysis of the test results showed that non-autistic children were much more consistent in their touching behaviour in all three di erent social situations, while the autistic children were unable to choose proper touch levels relevant to various social situations. A possible reason for the di erent touch response of the autistic children could be the lack of imagination ability. It has been found that often autistic children concentrate on very small details instead of seeing the whole situation [34] . The results from Study B demonstrated that the combination of touch and colour feedbacks is e ective. In the rst and the second scenarios, children referred to visual information (presented with the changing colours of the sphere or the circle on the screen), while the substitution of the colour feedback with a verbal message about the colour in the third scenario led to lower performance. The level of performance also depended on the method of displaying the colour information. When colours were projected directly on the Touch Ball in the rst scenario, the comple- 
Conclusion and Future work
The method of communication of a robot with autistic children should be organized on a way that not only attracts children's attention but also elicits positive perception from the children. The feedback provided by the interactive robot to the child is an important issue for e ective interaction in robot-assisted therapy. The results presented in this paper show that robotic feedback based on touch and colour could increase the e ciency of interactive robots for improvement of the communication ability of autistic children. Results from this study showed that autistic children used di erent levels of forces and manners of touch than the non-autistic children who participated in the same experiments. The colour feedback experiments showed that the colour feedback can be understood easier by children with autism who are hyposensitive or hypersensitive. In this study, we analysed the response of a limited number of participants and that is why the present study cannot pretend to strong conclusions, but still it shows some important tendencies in the response of autistic children to visual and colour stimuli that need to be studied in further details in the future. We believe that this study can contribute to better design of robot for improvement of the communication skills of children with autism.
